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E f f o r t  on  t h i s  g r a n t  f rom Kovember 1 5 ,  1969  t o  J u l y  1 5 ,  
1970 w a s  expended  i n  two m a j o r  a r e a s .  
I .  Improvement  o f  I n s t r u m e n t  Per forma.nce  
F o r  s e v e r a l  m,onths d i f f i c u l t y  had  b e e n  e x p e r i e n c e d  
w i t h  s t r a i n - c r a c k s  i n  t h e  g l a s s  i n l e t  s y s t e m  r e s u l t i n g ,  
on  s e v e r a l  o c c a s i o n s ,  i n  c a t a s t r o p h i c  a i r  l e a k s .  
These  a i r  l e a k s ,  p l u s  l o n g  t e r m  u s e  o f  t h e  m a s s  
s p e c t r o m e t e r ,  r e s u l t e d  in g r e a t l y  r e d u c e d  s e n s i t i v i t y  
o f  t h e  e l e c t r o n  m u l t i p l i e r .  I t  w a s  d e c i d e d  t o  make 
a m a j o r  o v e r h a u l  o f  t h e  m a s s  s p e c t r o m e t e r  a s s e m b l y  
a n d  t o  d e s i g n  a s t a i n l e s s  s t e e l  i n l e t  s y s t e m .  
L a t e  i n  November a t r i p  w a s  made t o  C a l i f o r n i a  
for c o n f e r e n c e s  w i t h  F i n n i g a n  I n s t r u m e n t s  and  
S p e c i a l t y  I n s t r u m e n t s ,  The r e q u i r e d  p a r t s  
f o r  t h e  overhaul .  ( i o n  g a u g e ,  i o n  s o u r c e  and  
e l e c t r o n  m u l t i p l i e r )  w e r e  o b t a i n e d  f rom F i n n i g a n  
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I n s t r u m e n t s  a l o n g  w i t h  i n s t r u c t i o n s  f o r  t h e i r  
i n s t a l l a t i o n .  Working w i t h  S g e c i a l t y  I n s t r u -  
men t s  Co., a s t a i n l e s s  s t e e l  i n l e t  s y s t e m  was 
d e s i g n e d  and  a n  a l l  s t a i n l e s s  v a l v e d  b y p a s s  
s y s t e m  w a s  d e v i s e d  f o x  d i r e c t  e v a l u a t i o n  o f  
s e p a r a t o r  p e r f o r m a n c e .  T h i s  s y s t e m  i s  shown i n  
F i g .  1A. I t  a l l o w s  a c a l i b r a t e d  s a m p l e  t o  f l o w  
t h r u  a m e t e r i n g  v a l v e  e i t h e r  d i r e c t l y  i n t o  t h e  
M S  o r  t h r u  t h e  s e p a r a t o r  u n d e r  t e s t  a n d  t h e n c e  
i n t o  t h e  MS. T h i s  t e s t  s y s t e m  e l i n i n a t e s  e r r o r s  
d u e  t o  c h a n g e s  i n  f l o w  s y s t e m s ,  r e - e s t a b l i s h m e n t  
of e x a c t  t e m p e r a t u r e  c o n t r o l  p o i n t s ,  l e a k  c h a r a c -  
t e r i s t i c s  of t u b i n g  f i t t i n g s ,  e t c .  T h i s  s y s t e m  
e n a b l e s  t h e  d i r e c t  measurement  o f  s e p a r a t o r  
e n r i c h m e n t s ,  p r o v i d i n g  a means o f  e v a l u a t i o n  o f  
v a r i o u s  t y p e s  o f  u n i t s , .  T h i s  t e s t  s y s t e m  and  
t h e  s t a i n l e s s ,  i n l e t - s y s t e m  w e r e  p l a c e d  i n  o r d e r  
and  i n s t a l l e d  e a r l y  i n  1970. 
11. S e p a r a t o r  T e s t  Program 
T h r e e  t y p e s  o f  s e p a r a t o r s  were  i n c l u d e d  i n  t h e  
t e s t  p rogram:  a g l a s s  Ryhage t y p e ,  a s i l v e r  f o i l  
,.. 
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B l u m m e r  t y p e  and  a V a r i a n  h y d r o c a r b o n  t r a n s f e r  
membrane type. 
A .  Ryhage Type  S e p a r a t o r  - T h i s  model  h a d  
t h e  f o l l o w i n g  m e c h a n i c a l  l a y q u t  
I n l e t  Wozzie - 0 . 0 4  mm. 
Out 1 e t No z z be - 0 . 0 9  m m .  
N o z z l e  S e p a r a t i o n  - 0 . 2 0  mm. 
To t e s t  t h i s  s e p a r a t o r  a c a l i b r a t e d  s a m -  
p l e  c o n s i s t i n g  of 20% e a c h  of  Iie, N e ,  A r ,  
F r e o n  14 and  X e  w a s  u s e d .  The s e p a r a t o r  
w a s  i n s e r t e d  i n  t h e  t e s t  s y s t e m  a s  shown 
i n  F i g .  IA and  t w o  t y p e s  of measu remen t s  
made. 
D i r e c t  Measurement  
Valves  V ,  S and  T a r e  o p e n e d ,  P c l o s e d  
a n d  t h e  s y s t e m  e v a c u a t e d .  V a l v e s  V and  
S a r e  c l o s e d .  Va lves  T and  N a r e  opened  
a n d  a b a c k g r o u n d  s p e c t r a  t a k e n  on  t h e  
s y s t e m .  The m e t e r i n q  v a l v e  P i s  opened  
t o  a l l o w  the sample  m i x t u r e  to p a s s  d i r e c t l y  
i n t o  t h e  m a s s  s p e c t r o m e t e r  and  i s  s e t  
S O  t h a t  t h e  MS p r e s s u r e  i s  i n  t h e  r a n g e  
of optimum s e n s i t i v i t y  (2x10-5mm. ) . A 
s p e c t r a  i s  t h e n  r e c o r d e d  and p e a k  h e i g h t s  
3. 
of t h e  i n d i v i d u a l  components  measu red .  
S e p ar a to I PI e as  UT erne n t 
Va lves  l4 and  P a r e  s h u t ,  valves V and  S 
opened  and  t h e  t e s t  s y s t e m  e v a c u a t e d .  
V a l v e  T i s  shut, M opened  znd a h a c k -  
g round  r u n .  Va lve  P i s  opened  and  ad-  
j u s t e d  for t h e  same optimum s a m p l e  
p r e s s u r e  as above .  A r e c o r d  i s  made 
and  p e a k  h e i g h t s  m e a s u r e d .  
C a l c u l a t i o n  of E n r i c h m e n t  
From t h e  p e a k  h e i g h t s  measu red  a b o v e ,  
r a t i o s  of t h e  i n d i v i d u a l  components  t o  
H e  a r e  c a l c u l a t e d  f o r  b o t h  t h e  " d i r e c t "  
and  " s e p a r a t o r "  f l o w  c o n d i t i o n s  .1 E n r i c h -  
ment  !? i s  c a l c u l a t e d  by  d i v i d i n g  t h e  - 
" s e p a r a t o r "  r a t i o  by t h e  " d i r e c t "  ratio. 




S e p a r a t o r  E n r i c h m e n t  - Ryhage Type S e p a r a t o r  
T h i s  q u a n t i t y  i s  c a l c u l a t e d  be low:  
Gas D i r e c t  S e p a r a t o r  M . W .  . .. 
He 
N e  
A r  
9 0  
430  
1 4 0 0  
F r e o n  1 4  1400 
Xe 230 
14 4 
1 4 5  2 0  
6 0 0  40 
8 0 0  8 8  
1 4 5  1 3 1  
N" D i r e c t  S e p a r a t o r  - R a t i o s  
Ne/He 4.78  10.35 2 . 2  
A r / H e  1 5 . 5 6  
Freon/He 1 5 . 5 6  
c 
Xe/He 2.56  
4 2 . 8 5  2 . 8  
57.14 3.7  
10.35 4.0 
* S e p a r a t o r / D i r e c t  - E n r i c h m e n t  
When N - i s  p l o t t e d  v s .  m o l e c u l a r  w e i g h t ,  a r e a s o n -  
a b l e  r e l a t i o n s h i p  i s  d e v e l o p e d  b e t w e e n  t h e s e  two. 
q u a n t i t i e s .  See  F i g .  2 .  
B .  Blummer S i l v e r  F o i l  S e p a r a t o r  
T h i s  s e p a r a t o r  w a s . b u i l t  f o l l o w i n g  t h e  o r i g i n a l  
d e s i g n  o f  Max Blummsr, Woods Hole O c e a n o g r a p h i c  
I n s t i t u t e .  
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s e c t i o n  o f  a l/4" S .  S .  Swagelock  t e e ,  wh ich  i s  
i n s e r t e d  i n  t h e  " S e p a r a t o r "  p o s i t i o n  i n  F i g .  1A. 
A 1/4" d i a m e t e r  p i e c e  o f  s i l v e r  membrane f i l t e r  
m a t e r i a l  2 m i l s  t h i c k  a n 2  3 m i c r o n  maximum p o r e  
d i a m e t e r ,  i s  i n s e r t e d  i n  t h e  s i d e  a r m  be tween  a 
1/4" m e t a l  w a s h e r  and  a 1 / 4 "  O D .  s i l i c o n e  r u b b e r  
" 0 "  r i n g .  A p i e c e  o f  l/4" t u b i n g  h o l d s  t h i s  
a s s e m b l y  i n  p l a c e .  The f i t t i n 9  i s  made up  w i t h  
t e f l o n  f e r r u l e s  which  h o l d  t h e  t u b i n g  t i g h t  
a g a i n s t  t h e  " 0 "  r i n g .  A m e c h a n i c a l  vacuum pump 
is c o n n e c t e d  t o  t h e  t u b i n g ,  p i l i l i n g  g a s  t h r u  t h e  
s i l v e r  membrane m a t e r i a l  f rom t h e  He /hydroca rbon  
mix p a s s i n g  t h r u  t h e  s t r a i g h t  p a r t  o f  t h e  t e e .  
To t e s t  t h i s  s e p a r a t o r  two g a s  m i x t u r e s  w e r e  p r e -  
p a r e d .  Mix A c o n t a i n e d  50% He, 2 5 %  C 0 2 ,  2 5 %  F r e o n 2 2 .  
Mix B c o n t a i n e d  50% He, 25% F r e o n L 2 ,  2 5 9  F r e o n  C - 3 1 8 .  
The i n d i v i d u a l  components  of t h e s e  m i x t u r e s  w e r e  
c h o s e n  t o  g i v e  a wide  r a n g e  o f  m o l e c u l a r  w e i g h t s  
a l o n g  w i t h  minimum c r o s s  i n t e r f e r e n c e  i n  t h e  mass 
s p e c t r a .  
The t e s t  p r o c e d u r e  u s e d  w a s  t h e  same as  d e s c r i b e d  
8 .  
f o x  t h e  Ryhage mode l ,  p a s s i n g  t h e  s a m p l e  d i r e c t l y  
i n t o  t h e  s p e c t r o m e t e r  t o  o b t a i n  t h e  " d i r e c t "  
measu remen t s  and  t h e n  t h r u  t h e  o p e r a t i n g  sepa- 
r a t o r  t o  o b t a i n  t h e  I ' s e p a r a t o r "  m e a s u r e m e n t s .  
These  measu remen t s  a r e  g i v e n  be low:  
M i x  A D i r e c t  S e p a r a t o r  
H e  370 240 
co2 1 7 0 0  1800 
F r e o n  2 2  2 0 0 0  2400 
Mix B 
H e  100 60 
F r e o n  12 640 680 
F r e o n  318 130 150 
M . W .  
4 
44 
8 6 . 5  
4 
1 2 0 . 9  
200 * 00 
N. S e p a r a t o r  - R a t i o  D i r e c t  
C 0 2 / H e  4.59 7.50 1.6 
F r e o n  2 2 / H e  5 . 4 1  1 0 . 0 0  1 . 8  
F r e o n  1 2 / H e  6 .40  
F r e o n  318/He 1 . 3 0  
11.33 1.8 
2.50  1.9 
E n r i c h m e n t s  ( X )  a r e  p l o t t e d  a s  a f u n c t i o n  o f  
m o l e c u l a r  w e i g h t  i n  F i g .  3 .  
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C .  V a r i a n  M o l e c u l a r  S e p a r a t o r  
A V a r i a n  V-5620 W o l e c u l a r  S e p a r a t o r ,  w o r k i n g  
on  t h e  p r i n c i p l e  of h y d r o c a r b o n  v a p o r s  d i s s o l v i n g  
i n  and  p a s s i n g  t h r c  a n  o r g a n i c  membrane, v r a s  
o b t a i n e d  on  l o a n  f rom JPL. it was i n s t a l l e d  i n  
t h e  v a l v e d  b y - p a s s  ss_rstem as  shown i n  F i g .  1E. 
With v a l v e  8 s h u t ,  " d i r e c t "  measu remen t s  a r e  
made as  d e s c r i b e d  u n d e r  the Ryhage o r  Blummer 
s e p a r a t o r  t e s t  p r o c e d u r e .  With v a l v e  8 o p e n ,  
T s h u t  and  S o p e n ,  s ample  g a s e s  a r e  i n t r o d u c e d  
t h r u  m e t e r i n g  v a l v e  P and  " s e p a r a t o r "  measu remen t s  
made as d e s c r i b e d  p r e v i o u s l y .  
Two membranes w e r e  s u p p l i e d  w i t h  t h e  s e p a r a t o r  
and ,  u n f o r t u n a t e l y ,  b o t h  h a d  s u f f i c i e n t l y  l a r g e  
l e a k s  t h r u  t h e  membrane to make i t  i i n p o s s i b l e  
t o  o b t a i n  M S  p r e s s u r e s  o f  l e s s  t h z n  2x10-4.  
S i n c e  t h i s  p r e s s u r e  i s  t o o  h i g h  t o  o p e r a t e  t h e  
MS, s e v e r a l  a t t e m p t s  were  made t o  f i n d  and  s e a l  
t h e  l e a k ,  b u t  t h e s e  p r o v e d  t o  be u n s u c c e s s f u l .  
Two new membrane a s s e m b l i e s  w e r e  f i n a l l y  o b t a i n e d  
f rom V a r i a n  A s s o c i a t e s  a n d  t h e  t e s t  p rog ram s t a r t e d .  
M i x  A and  Nix  B ,  u s e d  i n  t h e  Blummer s e p a r a t o r  
11 * 
t e s t  p r o g r a m ,  were  p a s s e d  t h r u  t h e  s e p a r a t o r  
and e n r i c h m e n t s  c a l c u l a t e d .  These  were  i n  t h e  
r a n g e . o f  1.5 t o  2 . 5 ,  much l o w e r  t h a n  e x p e c t e d .  
I n  a d i s c u s s i o n  o f  t h e s e  r e s u l t s  w i t h  V a r i a n  
A s s o c i a t e s ,  it was d e t e r m i n e d  t h a t  t h e  membrane 
t e m p e r a t u r e  s h o u l d  b e  a t  l e a s t  15OC l o w e r  t h a n  
t h e  b o i l i n g  p o i n t s  o f  t h e  h y d r o c a r b o n s  t o  b e  
s e p a r a t e d .  A s  t h e  F r e o n s  i n  mixes  A and  B 
h a v e  b o i l i n g  p o i n t s  i n  the r a n g e  of  -6OC t o  
-41°C, c o o l i n g  t o  - 5 6 O C  would b e  n e c e s s a r y  t o  
u s e  t h e s e  m a t e r i a l s  a s  t e s t  m i x e s .  
c 
S i n c e  many o f  t h e  components  e x p e c t e d  f rom t h e  
p y r o l y s i s  p r o c e s s  i n  t h e  G C / M S  e x p e r i m e n t  would  
b e  i n  t h e  h i g h e r  b o i l i n g  p o i n t  r a n g e ,  a m i x t u r e  
of  5 0 %  1-1-1 t r i c h l o r o e t h a n e  (BP-80°C-Av.) and  
5 0 %  e t h y l  d e c a n o a t e  ( B P  lll°C) was made and  He 
b u b b l e d  t h r u  t h e  l i q u i d  m i x t u r e .  A d i s t i n c t  
improvement  i n  e n r i c h m e n t  was o b s e r v e d  as  shown 
be low:  
12. 
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G a s / V a  p o r  D i r e c t  S e p a r a t o r  M . W .  
H e  5 5 0  1 5 0  4 
111 T r i c h l o r o -  
e t h a n e  1 2 0  250 133.4 
E t h y l  D e c a n o a t e  6 13 200.3 
N D i r e c t  S e p a r a t o r  - R a t i o  
111 T r i c h l o r o -  
e thane /He  0 . 2 2  1.7 7.6 
E t h y l  Decanoate/He 0 . 1 1  0 . 8 7  7 . 9  
The p r e s e n c e  of a i r  p e a k s  i n  t h e  s p e c t r u m  i n d i c a t e d  
a l e a k  a t  t h e  s e p a r a t o r  membrane g a s k e t .  T h i s  
was c o r r e c t e d  and a s i m i l a r  t e s t  run on He b u b b l e d  
t h r u  1-1-1 t r i c h L o r o e t h a n e .  A f u r t h e r  improvement  
c 
i n  e n r i c h m e n t  was o b s e r v e d :  
Gas/Vapor  D i r e c t  S e p a r a t o r  M . W .  
H e  190  20 4 
111 T r i c h l o r o -  
e t h a n e  90  120 133.4 
N R a t i o  D i r e c t  S e p a r a t o r  - 
111 T r i c h l o r o -  
e thane /He  0 - 4 7  6.0 12.8 
The V a r i a n  s e p a r a t o r  i s ,  by f a r ,  t h e  m o s t  e f f i c i e n t  
u n i t  t e s t e d  i n  t h i s  p rogram.  The u n i t  a s  t e s t e d  
c o u l d  b e  made more e f f i c i e n t  f o r  a g i v e n  s e t  of  
h y d r o c a r b o n  compounds by o p t i m i z i n g  t h e  o p e r a t i n g  
13. 
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t e m p e r a t u r e .  I t  i s  p o s s i b l e  t o  u s e  t h e s e  
membranes i n  a two s t a g e  c o n f i g u r a t i o n ,  pumping 
w i t h  a m e c h a n i c a l  pump on  t h e  s p a c e  be tween  
membranes.  E n r i c h m e n t s ,  f o r  some h y d r o c a r b o n s ,  
. .  
o f  o v e r  1 0 0 0 ,  h a v e  b e e n  r e p o r t e d  f o r  t h i s  con-  
f i g u r a t i o n .  D i f f i c u l t y  m i g h t  b e  e x p e c t e d  i n  
t h e  measu remen t  o f  t r a c e  q u a n t i t i e s  o f  f i x e d  
g a s e s  o r  o t h e r  low b o i l i n g  p o i n t  m a t e r i a l s .  
Two L i p s k y  h e a t e d  t e f l o n  t u b e  s e p a r a t o r s  were 
c o n s t r u c t e d ,  b u t  d i f f i c u l t y  w a s  e x p e r i e n c e d  w i t h  
l_eaks t h r o u g h  t h e  t e f l o n  t u b i n g  and  a t  t h e  
t e f l o n  - S.S. t u b i n g  c o n n e c t i o n s .  T e s t s  c o u l d  
n o t  b e  c o m p l e t e d  on  t h e s e  u n i t s .  
Measurements  w e r e  made o f  t h e  e f f i c i e n c y  o f  
r e c o v e r y  f o r  t h e  Ryhage t y p e  u n i t ,  w i t h  t h e  con-  
c e p t  o f  s a m p l i n g  t h e  p e r i p h e r a l  volume f o r  
enhancemen t  o f  t h e  l i g h t e r  g a s  componen t s .  I t  
w a s  hoped  t h a t  t h i s  c o n c e p t  c o u l d  b e  a p p l i e d  t o  
t h e  e n h a n c e d  measu remen t  o f  low m o l e c u l a r  w e i g h t  
g a s e s  i n  a h i g h  p e r c e n t a g e  C 0 2  p l a n e t a r y  a tmos-  
! p h e r e .  E f f i c i e n c i e s  f o r  t h i s  u n i t  f e l l  i n  t h e  
14. 
r 
r a n g e  o f  1 t o  2 % ,  o b v i a t i n g  any p o s s i b , i l i t y  
o f  u s i n g  t h i s  u n i t  f o r  t h i s  a p p l i c a t i o n .  The 
f r i t t e d  s t a i n l e s s  s t e e l  s e p a r a t o r ,  b u i l t  by 
D r .  McCloskey - B a y l o r  S c h o o l  of  W e d i c i n e ,  i s  
r e p o r t e d  t o  h a v e  e f f i c i e n c i e s  i n  t h e  40 t o  5 0 %  
r a n g e  and m i g h t  b e  a p p l i e d  t o  t h i s  p a r t i c u l a r  
measurement .  A p h y s i c a l  r e d e s i g n  would b e  
r e q u i r e d  s i n c e  t h e  o r i g i n a l  model  was made t o  
b e  p a r t  o f  t h e  vacuum p o r t  o f  h i s  m a s s  s p e c t r o m e t e r .  
By masking  t h e  e l e c t r o n  m u l t i p l i e r  a p e r t u r e  o f  
o u r  F i n n i g a n  mass s p e c t r o m e t e r ,  t h e  h e l i u m  n o i s e  
b a c k g r o u n d  w a s  r e d u c e d  s u f f i c i e n t l y  t o  g i v e  a n  
e f f e c t i v e  s e n s i t i v i t y  i n c r e a s e  of  a f a c t o r  of 
t h r e e .  T h i s  improved  s e n s i t i v i t y  would b e  q u i t e  
u s e f u l  i n  b o t h  t h e  GC/MS a p p l i c a t i o n  and i n  a tmos-  
h e r i c  measurement  p r o b l e m s .  Had t i m e  p e r m i t t e d ,  
a d d i t i o n a l  s e p a r a t o r  t e s t s  would h a v e  b e e n  made 
and o t h e r  s e n s i t i v i t y  improvement  c o n c e p t s  
e x p l o r e d .  
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